Directed Differentiation of Dopamine-Secreting Cells from Nurr1/GPX1 Expressing Murine Embryonic Stem Cells Cultured on Matrigel-Coated PCL Scaffolds.
Parkinson's disease (PD) is a progressive neurological disorder characterized by a large number of motor and non-motor features and is known as the second most common neurodegenerative disorder after Alzheimer's disease. The hallmark pathology of PD is the damage and death of dopamine-producing neurons in the substantia-nigra of midbrain. Intrastriatal transplants of fetal mesencephalon derived DAergic neurons have provided proof-of-principle for the cell replacement strategy and have demonstrated reinnervation of the denervated striatum. However, ethical, technical, and practical limitations of deploying fetal DAergic neurons as the source for cell therapy in PD have ceased the spread of this procedure into clinical practice. Embryonic stem (ES) cells have emerged as a therapeutic alternative that can proliferate extensively and generate dopamine-producing neurons. To this extent and to surmount the obstacles related to embryonic neural cells, many investigations have focused on using pluripotent stem cells for the derivation of DAergic neurons. In the present study, a mouse embryonic stem (mES) R1 cell line was generated which could stably co-express Nurr1 (an essential transcription factor in DAergic neuron development) and GPX-1 (a neuroprotective enzyme against oxidative stress). The Nurr1/GPX-1-expressing ES cells (Nurr1/GPX-1-ES) were differentiated into DAergic-like cells via a three-dimensional culture environment consisting of Poly-ε-Caprolactone (PCL) nanofibrous scaffolds embedded by Matrigel (Mtg) in the presence of specific signaling molecules. DAergic neuron-specific genes were highly expressed in ES-derived DAergic neurons cultured and differentiated on PCL/Mtg scaffolds. Reverse-phase HPLC confirmed that the Nurr1/GPX-1-ES-cells differentiated on PCL/Mtg electrospun scaffolds could efficiently and exclusively secrete dopamine in response to stimulus. In conclusion, our results demonstrated that PCL/Matrigel nanofibrous scaffolds could efficiently support and promote the generation of functional DAergic-like cells from Nurr1/GPX-1-ES cells. The results of this study may have an impact on future tissue engineering for cell therapy of PD.